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(57) ABSTRACT 

A Solar cell including a photovoltaic layer, a first electrode 
layer, a second electrode layer, an insulating layer and a 
light-transparent conductive layer is provided. The photovol 
taic layer has a first Surface and a second Surface. The first 
electrode layer having at least one gap is disposed on the first 
Surface, wherein the at least one gap exposes a portion of the 
photovoltaic layer. The second electrode layer is disposed on 
the second Surface. The insulating layer having a plurality of 
pores is located on the photovoltaic layer exposed by the at 
least one gap, wherein the holes expose a portion of the 
photovoltaic layer. The light-transparent conductive layer 
covers the insulating layer and is connected with the first 
electrode layer. The transparent electrode is connected with 
the photovoltaic layer through at least a part of the pores. A 
method of fabricating a solar cell is also provided. 

12 Claims, 5 Drawing Sheets 
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1. 

SOLAR CELL 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the priority benefit of Taiwan 
application serial no. 99100545, filed on Jan. 11, 2010. The 
entirety of the above-mentioned patent application is hereby 
incorporated by reference herein and made a part of specifi 
cation. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a Solar cell and a manufac 

turing method thereof. More particularly, the present inven 
tion relates to a solar cell with a better photoelectric conver 
sion efficiency, and a manufacturing method thereof. 

2. Description of Related Art 
In recent years, an environmental protection consciousness 

is highly aroused. To resolve a problem of petroleum energy 
shortage, research of renewable energy is highlighted, in 
which solar cells become a focus of attention in development 
of the renewable energy. 

In the solar cell, when sunlight irradiates a P-N diode, 
photons can enter the P-N diode to generate photocurrent, and 
the photocurrent is output by two electrodes of the P-N diode 
to generate Voltage. 

In a method for manufacturing a general Solar cell, an 
N-type doped layer can be formed on a P-type silicon sub 
strate through a deposition process, and then a front contact 
and a back contact can be formed at two sides of the P-type 
silicon Substrate, wherein the front contact is defined as an 
electrode close to a light incident Surface, and the back con 
tact is defined as an electrode located apart from the light 
incident Surface. Since the front contact is generally formed 
by a metal material, a part of the N-type doped layer is 
probably shielded by the opaque front contact, so that a pho 
ton absorption rate of the N-type doped layer is reduced. 
Moreover, a defect generated due to a contact between the 
metal material front contact and the N-type doped layer can 
probably lead to a merging phenomenon of electrons and 
holes passing through the contact area, so that an output of the 
photocurrent is limited. 

Moreover, to ameliorate the light-shielding problem, the 
front contact is generally designed to be an interdigital struc 
ture with a narrow linewidth, though Such structure design 
can lead to a problem of excessive series resistance, so that the 
output of the photocurrent is reduced. Therefore, a photoelec 
tric conversion efficiency of the solar cell cannot be effec 
tively improved according to the above design. 

SUMMARY OF THE INVENTION 

The present invention is directed to a solar cell, which has 
a better photoelectric conversion efficiency. 
The present invention is directed to a method for manufac 

turing a Solar cell, by which the aforementioned solar cell can 
be manufactured according to simple steps. 

The present invention provides a Solar cell including a 
photovoltaic layer, a first electrode layer, a second electrode 
layer, an insulating layer and a light-transparent conductive 
layer. The photovoltaic layer has a first Surface and a second 
surface. The first electrode layer is disposed on the first sur 
face of the photovoltaic layer, and has at least one gap, 
wherein the at least one gap exposes a portion of the photo 
voltaic layer. The second electrode layer is disposed on the 
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2 
second Surface of the photovoltaic layer. The insulating layer 
having a plurality of pores is located on the photovoltaic layer 
exposed by the at least one gap, wherein the pores expose a 
portion of the photovoltaic layer. The light-transparent con 
ductive layer covers the insulating layer and is connected to 
the first electrode layer. The light-transparent conductive 
layer is connected to the photovoltaic layer through at least a 
part of the pores. 

In an embodiment of the present invention, the photovol 
taic layer includes a P-type semiconductor layer and an 
N-type semiconductor layer. 

In an embodiment of the present invention, materials of the 
first electrode layer and the second electrode layer include a 
metal material. 

In an embodiment of the present invention, a material of the 
insulating layer includes a transparent material, and in an 
embodiment of the present invention, a material of the insu 
lating layer includes silicon dioxide or silicon carbide. 

In an embodiment of the present invention, the pores have 
irregular shapes, and in an embodiment of the present inven 
tion, diameters of the pores are substantially between 5 nm. 
and 50 nm. 

In an embodiment of the present invention, the pores are 
irregularly arranged. 

In an embodiment of the present invention, the light-trans 
parent conductive layer has a plurality of openings to expose 
a portion of the insulating layer. 

In an embodiment of the present invention, the light-trans 
parent conductive layer includes a plurality of nano wires. 
The present invention provides a method for manufactur 

ing a solar cell, which includes following steps. First, a pho 
tovoltaic layer is provided, wherein the photovoltaic layer has 
a first Surface and a second Surface. Next, an electrode mate 
rial layer is formed on the first surface of the photovoltaic 
layer. Next, at least one gap is formed on the electrode mate 
rial layer, wherein the at least one gap exposes a portion of the 
photovoltaic layer. Then, an electrode is formed on the second 
Surface of the photovoltaic layer. Next, an insulating layer is 
formed on the photovoltaic layer exposed by the at least one 
gap, and a plurality of pores exposing a portion of the photo 
Voltaic layer is formed on the insulating layer. Next, a light 
transparent conductive layer is formed on the insulating layer, 
wherein the light-transparent conductive layer is connected to 
the first electrode layer, and is connected to the photovoltaic 
layer through at least a part of the pores. 

In an embodiment of the present invention, a method of 
providing the photovoltaic layer includes following steps. 
First, a semiconductor substrate is provided. Next, an ion 
doping process or a deposition process is performed to the 
semiconductor Substrate to form the photovoltaic layer, 
wherein the photovoltaic layer includes a first type semicon 
ductor layer and a second type semiconductor layer, and a 
surface of the first type semiconductor layer is the first surface 
of the photovoltaic layer, and a Surface of the second type 
semiconductor layer is the second Surface of the photovoltaic 
layer. In an embodiment of the present invention, when the 
first type semiconductor layer is a P-type semiconductor 
layer, the second type semiconductor layer is an N-type semi 
conductor layer, and when the first type semiconductor layer 
is an N-type semiconductor layer, the second type semicon 
ductor layer is a P-type semiconductor layer. 

In an embodiment of the present invention, a method of 
forming the insulating layer includes a physical vapor fast 
deposition process or a chemical vapor fast deposition pro 
CCSS, 
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In an embodiment of the present invention, a deposition 
rate for forming the insulating layer is Substantially between 
30 nm/min and 100 nm/min. 

In an embodiment of the present invention, a method of 
forming the insulating layer includes performing a heat treat 
ment process to the insulating layer containing hydrogen 
atoms, so as to release the hydrogenatoms from the insulating 
layer to form the pores. 

In an embodiment of the present invention, a method of 
forming the insulating layer includes performing a plasma 
process to the insulating layer to form the pores on the insu 
lating layer. 

In an embodiment of the present invention, a method of 
forming the light-transparent conductive layer includes a 
chemical vapor deposition (CVD) process, a physical vapor 
deposition (PVD) process or a spin coating process. 

In an embodiment of the present invention, the method for 
manufacturing the Solar cell further includes forming a plu 
rality of openings on the light-transparent conductive layer to 
expose a portion of the insulating layer. 

In an embodiment of the present invention, when a material 
of the light-transparent conductive layer is a metal material, a 
thickness of the light-transparent conductive layer is Substan 
tially between 5 nm and 500 nm. 

In an embodiment of the present invention, a material of the 
light-transparent conductive layer includes transparent con 
ductive oxide. 

According to the above descriptions, in the solar cell of the 
present invention, by forming the insulating layer having 
irregular pores between the light-transparent conductive layer 
and the photovoltaic layer, wherein the light-transparent con 
ductive layer is connected to the photovoltaic layer through 
the pores, not only the electrons and holes in the gap that are 
located apart from the first electrode layer can be absorbed by 
the light-transparent conductive layer to increase a whole 
output of the photocurrent, but also a contact area between the 
light-transparent conductive layer and the photovoltaic layer 
can be reduced, so as to avoid a merging phenomenon of the 
electrons and the holes at the contact area between the light 
transparent conductive layer and the photovoltaic layer, and 
avoid limiting the output of the photocurrent. 

In order to make the aforementioned and other features and 
advantages of the present invention comprehensible, several 
exemplary embodiments accompanied with figures are 
described in detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings are included to provide a 
further understanding of the invention, and are incorporated 
in and constitute a part of this specification. The drawings 
illustrate embodiments of the invention and, together with the 
description, serve to explain the principles of the invention. 

FIG. 1A is a partial schematic diagram illustrating a Solar 
cell according to an embodiment of the present invention. 

FIG. 1B is a cross-sectional view of a solar cell along an 
AA' line of FIG. 1A. 

FIG. 1C is a top view of a solar cell of FIG. 1A. 
FIG. 2A is a top view of a solar cell according to another 

embodiment of the present invention. 
FIG. 2B is a cross-sectional view of a solar cell along a BB' 

line of FIG. 2A. 
FIGS. 3A-3E are schematic diagrams illustrating a manu 

facturing process of a solar cell of FIG. 1B. 

DESCRIPTION OF THE EMBODIMENTS 

FIG. 1A is a partial schematic diagram illustrating a Solar 
cell according to an embodiment of the present invention, 
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4 
FIG.1B is a cross-sectional view of the solarcell along an AA' 
line of FIG. 1A, and FIG. 1C is a top view of the solar cell of 
FIG. 1A, and for simplicity's sake, only a first electrode layer, 
an insulating layer and a photovoltaic layer of FIG. 1A are 
illustrated in FIG. 1C, and other possible film layers are 
neglected. Referring to FIGS. 1A, 1B and 1C, the solar cell 
100 of the present embodiment includes a photovoltaic layer 
110, a first electrode layer 120, a second electrode layer 130, 
an insulating layer 140 and a light-transparent conductive 
layer 150. The photovoltaic layer 110 has a first surface E1 
and a second surface E2. The first electrode layer 120 is 
disposed on the first surface E1 of the photovoltaic layer 110. 
and the second electrode layer 130 is disposed on the second 
surface E2 of the photovoltaic layer 110. Generally, the first 
electrode layer 120 and the second electrode layer 130 
respectively serve as a front contact and a back contact of the 
solar cell, wherein materials of the first electrode layer 120 
and the second electrode layer 130 can be metals with good 
conductivities, such as gold, silver, copper, tin, lead, hafnium, 
tungsten, molybdenum, neodymium, titanium, tantalum, alu 
minium, and Zinc, etc., or alloys thereof. Moreover, the mate 
rials of the first electrode layer 120 and the second electrode 
layer 130 can be the same or different, and in the present 
embodiment, the materials of the first electrode layer 120 and 
the second electrode layer 130 are assumed to be the same, 
though the present invention is not limited thereto. 

In the present embodiment, the photovoltaic layer 110 
includes a first type semiconductor layer 112 and a second 
type semiconductor layer 114, wherein a surface of the first 
type semiconductor layer 112 is the first surface E1 of the 
photovoltaic layer 110, and a surface of the second type 
semiconductor layer 114 is the second surface E2 of the 
photovoltaic layer 110. In the present embodiment, the first 
type semiconductor layer 112 can be a P-type semiconductor 
layer, and the second type semiconductor layer 114 can be an 
N-type semiconductor layer. In another embodiment, the first 
type semiconductor layer 112 can be an N-type semiconduc 
tor layer, and the second type semiconductor layer 114 can be 
a P-type semiconductor layer. In other words, the photovol 
taic layer 110 is a P-N diode film layer structure. In this way, 
when light irradiates the photovoltaic layer 110, the photo 
voltaic layer 110 can absorb the light to generate electron 
hole pairs. 

In the present embodiment, the first surface E1 is defined to 
be a light incident Surface, which means light L1 is Suitable 
for entering the solar cell 100 from the first surface E1. In 
detail, when the light L1 (for example, the sunlight) irradiates 
the solar cell 100 from the top, as that shown in FIG. 1A and 
FIG. 1B, the light L1 sequentially passes through the light 
transparent conductive layer 150 and the insulating layer 140, 
and reaches the photovoltaic layer 110, wherein the photo 
voltaic layer 110 is suitable for absorbing the light L1 to 
generate the electron-hole pairs. Then, the generated elec 
tron-hole pairs are influenced by an in-built electric field 
formed by the P-type semiconductor layer and the N-type 
semiconductor layer, and respectively move towards the first 
electrode layer 120 and the second electrode layer 130 to form 
a photocurrent. Now, if a load circuit or an electronic device 
is connected to the first electrode layer 120 and the second 
electrode layer 130, the generated photocurrent can drive the 
load circuit or the electronic device. 

It should be noticed that since the first surface E1 is defined 
as the light incident surface, if the material of the first elec 
trode layer 120 disposed on the first surface E1 is the metal 
material Such as gold, silver, copper, tin, lead, etc., the light 
L1 probably cannot penetrate through the first electrode layer 
120. Therefore, the first electrode layer 120 has at least one 
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gap 122 for exposing a portion of the photovoltaic layer 110. 
For example, the first electrode layer 120 can be designed as 
an interdigital electrode shown as FIG.1C, though the present 
invention is not limited thereto, and in other embodiments, 
the first electrode layer 120 can also be designed into other 
electrode patterns having the gaps 122 of different shapes 
according to actual demands of the user. In this way, the light 
L1 can be transmitted to the photovoltaic layer 110 through 
the gap 122. 

Moreover, the first electrode layer 120 having the gap 122 
can be formed through a conventional lithography etching 
process or a screen printing process. For example, an elec 
trode material layer (not shown) is integrally formed on the 
first Surface E1 first, and then a patterning process is per 
formed to the electrode material layer to form the first elec 
trode layer 120, wherein the first electrode layer 120 has at 
least one gap 122 for exposing a portion of the photovoltaic 
layer 110. Alternatively, the screen printing process can be 
performed to directly form the first electrode layer 120 having 
at least one gap 122 exposing a portion of the photovoltaic 
layer 110. 

Referring to FIGS. 1A-1C, the insulating layer 140 is dis 
posed on the photovoltaic layer 110 exposed by the at least 
one gap 122, and has a plurality of pores 142, wherein the 
pores 142 expose a portion of the photovoltaic layer 110. In 
the present embodiment, a material of the insulating layer 140 
can be a transparent material, so that when the light L1 is 
transmitted to the gap 122, the light L1 can pass through the 
insulating layer 140 and reach the photovoltaic layer 110. In 
the present embodiment, the material of the transparent insu 
lating layer 140 can be an organic material or an inorganic 
material, wherein the inorganic material includes silicon 
oxide, silicon nitride, silicon oxynitride, silicon carbide, 
hafnium oxide, and aluminium oxide, and combinations 
thereof, and the organic material includes photoresist, benzo 
cyclobutene, cycloalkenes, polyimides, polyamides, polyes 
ters, polyalcohols, polyethylene oxides, polyphenylenes, res 
ins, polyethers, polyketide, and combinations thereof. In the 
present embodiment, the material of the insulating layer 140 
is, for example, the silicon dioxide or silicon carbide, though 
the present invention is not limited thereto. 

Moreover, the light-transparent conductive layer 150 cov 
ers the insulating layer 140 and is connected to the first 
electrode layer 120, and the light-transparent conductive 
layer 150 is connected to the photovoltaic layer 110 through 
at least a part of the pores 142, as that shown in FIG. 1B. In the 
present embodiment, since the light-transparent conductive 
layer 150 can be connected to the photovoltaic layer 110 
through the pores 142, besides that the electrons or the holes 
generated by the photovoltaic layer 110 can be directly trans 
mitted to the first electrode layer 120, the electrons or the 
holes located in the gap 122 that are not easy to be transmitted 
to the first electrode layer 120 can be transmitted to the 
light-transparent conductive layer 150, and then transmitted 
to the first electrode layer 120. In this way, an electric perfor 
mance of the solar cell 100 can be improved. 

In detail, since the first electrode layer 120 has the gap 122 
exposing a portion of the photovoltaic layer 110, when the 
photovoltaic layer 110 is irradiated by light to generate the 
electron-hole pairs, the electrons or the holes in the gap 122 
that are located apart from the first electrode layer 120 are not 
easy to be transmitted to the first electrode layer 120 since the 
electrons and the holes are probably merged in the photovol 
taic layer 110 before spreading to the first electrode layer 120, 
so that the electric performance of the solar cell 100 is 
decreased. Therefore, in the solar cell 100 of the present 
embodiment, the insulating layer 140 having a plurality of 
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6 
nano-level pores 142 is disposed on the photovoltaic layer 
110, and the light-transparent conductive layer 150 is dis 
posed on the insulating layer 140, wherein the light-transpar 
ent conductive layer 150 is connected to the first electrode 
layer 120, and is connected to the photovoltaic layer 110 
through the pores 142. Therefore, the electrons or the holes in 
the gap 122 that are located apart from the first electrode layer 
120 can spread to the light-transparent conductive layer 150, 
so that a usage rate of the electrons and holes of the Solar cell 
100 is improved. 

Moreover, when a material of the light-transparent conduc 
tive layer 150 is a metal material, a thickness H2 of the 
light-transparent conductive layer 150 is substantially 
between 5 nm and 500 nm, so that the light L1 is suitable for 
passing through the light-transparent conductive layer 150 to 
reach the photovoltaic layer 110. To achieve a better trans 
mittance of the light-transparent conductive layer 150 for 
increasing a photoelectric conversion efficiency of the Solar 
cell 100, the thickness H2 of the light-transparent conductive 
layer 150 is preferably between 5 nm and 50 nm. 

In an embodiment, to further increase a light intensity of 
the light L1 transmitted to the photovoltaic layer 110, the 
light-transparent conductive layer 150 can further have a 
plurality of openings (not shown) for exposing a portion of 
the insulating layer 140. In this way, the light L1 can directly 
pass through the insulating layer 140 via the openings to reach 
the photovoltaic layer 110, so as to avoid a part of the light L1 
being absorbed or reflected by the light-transparent conduc 
tive layer 150. In other words, if the light-transparent conduc 
tive layer 150 has the openings exposing a portion of the 
insulating layer 140, a chance for the light L1 entering the 
photovoltaic layer 110 and a light intensity thereof are 
increased, so that the whole photoelectric conversion effi 
ciency of the solar cell 100 can be improved. 

In another embodiment, besides the metal material, the 
light-transparent conductive layer 150 can also be made of 
transparent conductive oxide such as indium-tin oxide, 
indium-zinc oxide, indium-tin-zinc oxide, hafnium oxide, 
Zinc oxide, aluminium oxide, aluminium-tin oxide, alu 
minium-zinc oxide, cadmium-tin oxide, cadmium-zinc oxide 
or combinations thereof. Now, the light-transparent conduc 
tive layer 150 does not have the openings exposing a portion 
of the insulating layer 140. 

In another embodiment, the light-transparent conductive 
layer 150 may have a design of a plurality of nano wires to 
form another solar cell structure 200, as that shown in FIG. 
2A and FIG.2B. FIG. 2A is a top view of a solar cell accord 
ing to another embodiment of the present invention, and FIG. 
2B is a cross-sectional view of the solar cell along a BB' line 
of FIG. 2A. Similarly, for simplicity's sake, only a first elec 
trode layer, an insulating layer, a light-transparent conductive 
layer and a photovoltaic layer are illustrated in the solar cell of 
FIG. 2A, and other possible film layers are neglected. 

Referring to FIG. 2A and FIG. 2B, in the solar cell 200, a 
light-transparent conductive layer 250a is formed by a plu 
rality of nano wires 252, wherein the nano wires 252 are 
connected to a first electrode layer 220, and the nano wires 
252 are disposed on an insulating layer 240 and are connected 
to a photovoltaic layer 210 through pores 242. It should be 
noticed that the nano wires 252 illustrated in FIG. 2A are 
straight lines, though in an actual application, the nano wires 
252 generally have irregular patterns, and the nano wires 252 
illustrated in FIG. 2A are only used as an example, which is 
not used to limit the present invention. 

Referring to FIGS. 1B and 2B, in the solar cell 100 and the 
solar cell 200, the light-transparent conductive layers 150 and 
250a are respectively disposed on the insulating layers 140 
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and 240, and are respectively connected to the first electrode 
layers 120 and 220, and the pores 142 and 242 of the insulat 
ing layers 140 and 240 have irregular shapes, wherein diam 
eters H1 of the pores 140 and 240 are substantially between 5 
nm and 50 nm. In this way, contact areas respectively between 
the light-transparent conductive layers 150 and 250a and the 
photovoltaic layers 110 and 210 can be reduced to avoid 
excessive electrons or holes being absorbed at the contact 
areas respectively between the light-transparent conductive 
layers 150 and 250a and the photovoltaic layers 110 and 210. 
In detail, since materials of the light-transparent conductive 
layers 150 and 250a and the photovoltaic layers 110 and 210 
are respectively conductors and semiconductors, the contact 
area there between may have defects. Therefore, when the 
electrons or the holes pass through the contact area, the elec 
trons and the holes are probably merged due to the defects, so 
that the electric performance of the solar cell is reduced. 
Therefore, in the present embodiment, the insulating layers 
140 and 240 having a plurality of nano-level pores 142 and 
242 are respectively configured, so that the light-transparent 
conductive layers 150 and 250a respectively disposed on the 
insulating layers 140 and 240 can be connected to the photo 
voltaic layers 110 and 210 through the pores 142 and 242. In 
the present embodiment, the pores 142 and 242 are irregularly 
arranged, as that shown in FIG. 1C and FIG. 2A. 

In an embodiment, when the insulating layers 140 and 240 
are fabricated, the pores 142 and 242 can be simultaneously 
formed thereon, wherein the pores 140 and 242 respectively 
expose a portion of the photovoltaic layers 110 and 210. In 
this way, after the light-transparent conductive layers 150 and 
250a are disposed on the insulating layers 140 and 240, and 
are respectively connected to the first electrode layer 120 and 
220, the light-transparent conductive layers 150 and 250a can 
infiltrate the pores 142 and 242 of the insulating layers 140 
and 240 to electrically connect the photovoltaic layers 110 
and 210 exposed by the pores 142 and 242. Therefore, the 
electrons and the holes generated by the photovoltaic layers 
110 and 210 can also be transmitted by the light-transparent 
conductive layers 150 and 250a, so that transmission paths of 
the electrons and the holes are increased. Therefore, the elec 
trons and the holes can be absorbed by the light-transparent 
conductive layers 150 and 250a before the electrons and the 
holes are merged, so that the electric performance of the Solar 
cells 100 and 200 are improved. Moreover, since the insulat 
ing layers 140 and 240 respectively isolate a portion of the 
light-transparent conductive layers 150 and 250a and the 
photovoltaic layers 110 and 210, merging of the electrons and 
the holes occurred at the contact areas respectively between 
the light-transparent conductive layers 150 and 250a and the 
photovoltaic layers 110 and 210 can be mitigated. 

Moreover, the present invention also provides a method for 
manufacturing the aforementioned solar cells, as that shown 
in FIGS. 3A-3E, and FIGS. 3A-3E are schematic diagrams 
illustrating a manufacturing process of the Solar cell of FIG. 
1B. 

Referring to FIG. 3A, first, a semiconductor substrate A is 
provided. In the present embodiment, the semiconductor Sub 
strate A is, for example, a P-type doped silicon chip, though 
the present invention is not limited thereto. 

Then, an ion doping process or a deposition process is 
performed to the semiconductor substrate A to form a photo 
voltaic layer 310, as that shown in FIG. 3B, wherein the 
photovoltaic layer 310 includes a first type semiconductor 
layer 312 and a second type semiconductor layer 314. In the 
present embodiment, when the first type semiconductor layer 
312 is an N-type semiconductor layer, the second type semi 
conductor layer 314 is a P-type semiconductor layer. In 
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8 
another embodiment, if the semiconductor Substrate A is an 
N-type doped silicon chip, when the first type semiconductor 
layer 312 is a P-type semiconductor layer, the second type 
semiconductor layer 314 is an N-type semiconductor layer. 

Then, an electrode material layer 310a is formed on the 
first surface E1 of the photovoltaic layer310, and gaps 322 are 
formed on the electrode material layer310a, wherein the gaps 
expose a portion of the photovoltaic layer 310, as that shown 
in FIG.3C. In the present embodiment, the electrode material 
layer 310 is formed according to, for example, a chemical 
vapor deposition (CVD) process, a physical vapor deposition 
(PVD) process or a spin coating process, wherein the PVD 
process can be sputtering or evaporation. Moreover, a con 
ventional lithography etching process can be applied to pat 
tern the electrode material layer 310a to form the gaps 322 
shown in FIG.3C. Alternatively, a screenprinting process can 
be performed to directly form the first electrode layer 320 
(310a) having at least one gap 322 exposing a portion of the 
photovoltaic layer 310. 

Then, referring to FIG. 3C again, a second electrode layer 
330 is formed on the second surface E2 of the photovoltaic 
layer 310. In the present embodiment, a method of forming 
the second electrode layer 330 (310a) is, for example, the 
same to the method of forming the aforementioned electrode 
material layer 130, though materials thereof can be the same 
or different. 

Next, an insulating layer 340 is formed on the photovoltaic 
layer 310 exposed by the gaps 322, and a plurality of pores 
342 are formed on the insulating layer 340, as that shown in 
FIG. 3D. In the present embodiment, the insulating layer 340 
can be formed according to a physical vapor fast deposition 
process or a chemical vapor fast deposition process, so that 
during the process of forming the insulating layer 340, the 
irregularly arranged pores 342 with irregular shapes are 
formed due to a fast deposition rate, wherein the deposition 
rate for forming the insulating layer 340 is substantially 
between 30 nm/min and 100 nm/min. In an embodiment, a 
fast bake process can be performed to the insulating layer 340 
containing hydrogen atoms, so as to release the hydrogen 
atoms from the insulating layer 340 to produce cracks in the 
insulating layer 340, and accordingly form the irregularly 
arranged pores 342 with irregular shapes in the insulating 
layer 340. 

In another embodiment, regarding a method of forming the 
insulating layer 340, ions can be used to impact a Surface of 
the insulating layer 340, so as to form the irregularly arranged 
pores 342 with irregular shapes. Alternatively, in a further 
embodiment, the insulating layer 340 can also be formed 
through a fast coating process, so that during the process of 
forming the insulating layer 340, the irregularly arranged 
pores 342 with irregular shapes can be produced due to a fast 
coating rate. 

After the insulating layer 340 having the pores 342 is 
formed, a light-transparent conductive layer 350 is formed on 
the insulating layer 340, wherein the light-transparent con 
ductive layer 350 is electrically connected to the electrode 
material layer310a, and is connected to the photovoltaic layer 
310 through at least a part of the pores 342, as that shown in 
FIG. 3E. In the present embodiment, the light-transparent 
conductive layer 350 is formed according to, for example, a 
chemical vapor deposition (CVD) process, a physical vapor 
deposition (PVD) process or a spin coating process, wherein 
the PVD process can be sputtering or evaporation. If a mate 
rial of the light-transparent conductive layer 350 is a metal 
material, a thickness of the light-transparent conductive layer 
350 is controlled to be 50 nm-500 nm, so that the metal 
material light-transparent conductive layer 350 can be trans 
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parent. In an embodiment, the material of the light-transpar 
ent conductive layer 350 can also be the aforementioned 
transparent conductive oxide material. By completing the 
above processes, the method of manufacturing the Solar cell 
300 is approximately completed. 

In Summary, the Solar cell of the present invention and the 
method for manufacturing the same has at least following 
advantages. First, by fabricating the insulating layer having 
irregular pores between the light-transparent conductive layer 
and the photovoltaic layer, wherein the light-transparent con 
ductive layer is connected to the photovoltaic layer through 
the pores, not only the electrons or the holes in the gaps that 
are located apart from the first electrode layer can be absorbed 
by the light-transparent conductive layer to increase a whole 
output of the photocurrent, but also a contact area between the 
light-transparent conductive layer and the photovoltaic layer 
can be reduced, so as to avoid a merging phenomenon of the 
electrons and the holes at the contact area between the light 
transparent conductive layer and the photovoltaic layer, and 
avoid limiting the output of the photocurrent. Moreover, if the 
material of the light-transparent conductive layer is a metal 
material, the thickness of the light-transparent conductive 
layer can be suitably controlled to achieve the transparent 
effect, so that the light can enter the photovoltaic layer, and 
the Solarcell can provide the photocurrent. In addition, during 
the process of forming the insulating layer, the pores can be 
simultaneously formed thereon due to a fast deposition rate or 
a fast spin coating rate, or ions can be used to impact the 
insulating layer or a heat treatment process can be performed 
to form the pores. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made to the structure of 
the present invention without departing from the scope or 
spirit of the invention. In view of the foregoing, it is intended 
that the present invention cover modifications and variations 
of this invention provided they fall within the scope of the 
following claims and their equivalents. 

What is claimed is: 
1. A Solar cell, comprising: 
a photovoltaic layer, having a first Surface and a second 

Surface, wherein the first Surface is a light incident Sur 
face; 
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10 
a first electrode layer, disposed on the first surface of the 

photovoltaic layer, and having at least one gap, wherein 
the at least one gap exposes a portion of the photovoltaic 
layer; 

a second electrode layer, disposed on the second Surface of 
the photovoltaic layer; 

an insulating layer, located on the photovoltaic layer 
exposed by the at least one gap, and having a plurality of 
pores, wherein the pores expose a portion of the photo 
Voltaic layer, and 

a light-transparent conductive layer, covering the insulat 
ing layer, connected to the first electrode layer, and 
directly connected to the photovoltaic layer through at 
least a part of the pores. 

2. The solar cell as claimed in claim 1, wherein the photo 
Voltaic layer comprises a P-type semiconductor layer and an 
N-type semiconductor layer. 

3. The solar cell as claimed in claim 1, wherein materials of 
the first electrode layer and the second electrode layer com 
prise a metal material. 

4. The solar cell as claimed in claim 1, wherein a material 
of the insulating layer is a transparent material. 

5. The solar cell as claimed in claim 4, wherein a material 
of the insulating layer comprises silicon dioxide or silicon 
carbide. 

6. The solar cell as claimed in claim 1, wherein the pores 
have irregular shapes. 

7. The solar cell as claimed in claim 6, wherein diameters 
of the pores are between about 5 nm and about 50 nm. 

8. The solar cell as claimed in claim 1, wherein the pores 
are irregularly arranged. 

9. The solar cell as claimed in claim 1, wherein when a 
material of the light-transparent conductive layer is a metal 
material, a thickness of the light-transparent conductive layer 
is between about 5 nm and about 500 nm. 

10. The solar cell as claimed in claim 9, wherein the light 
transparent conductive layer has a plurality of openings to 
expose a portion of the insulating layer. 

11. The solar cell as claimed in claim 1, wherein a material 
of the light-transparent conductive layer comprises transpar 
ent conductive oxide. 

12. The solar cell as claimed in claim 1, wherein the light 
transparent conductive layer comprises a plurality of nano 
wires. 


